Background: An association between coffee drinking and reduced risk of liver cancer has been suggested by animal studies, but epidemiologic evidence of such an association in a high-risk population is lacking. We conducted a large-scale population-based cohort study of the association between coffee drinking and hepatocellular carcinoma (HCC) in a Japanese population. Methods: Newly diagnosed case patients (250 men and 84 women) with HCC were identifi ed from a 10-year follow-up of the Japan Public Health Center-based Prospective Study, which consists of 90 452 middle-aged and elderly Japanese subjects (43 109 men and 47 343 women). Case patients were grouped according to coffee intake and were stratifi ed by hepatitis virus infection, sex, age, diet, lifestyle factors, and previous history of liver disease. Multivariable-adjusted hazard ratios (HR) and 95% confidence intervals (CIs) for HCC were calculated with Cox proportional-hazards modeling. All statistical tests were twosided. 
Hepatocellular carcinoma (HCC) is one of the most common cancers in the world and is characterized by international variation in its distribution ( 1 ) ; these variations are related to the distribution of hepatitis C virus (HCV) and hepatitis B virus (HBV) infection. Chronic infection with HCV or HBV has been established as a major risk factor for HCC ( 2 ) . Other possible risk factors for HCC have been identifi ed, but only a few factors, such as excess alcohol consumption, which leads to liver cirrhosis, and food contamination with afl atoxin, have been recognized as important; other modifi able factors have yet to be established ( 3 ) .
Coffee is consumed in many parts of the world, and a wide variety of drinking habits has been documented ( 4 ) . Coffee drinking was introduced to Japan 200 years ago, and coffee has since become a popular beverage. Japanese individuals reportedly drink an average 10 cups of coffee per week, 63% of which is consumed at home. Instant coffee and regular roasted coffee are the major types of coffee consumed in Japan ( 5 ) . The potential benefi cial health effects of coffee consumption have been recognized for years; coffee is known to contain a high level of anticancer compounds, such as chlorogenic acids, and animal experiments have demonstrated an inhibitory effect of coffee on liver carcinogenesis ( 6 ) . Epidemiologic investigation of the association between coffee drinking and HCC, however, has been limited to several case -control studies targeting high-risk populations in Southern Europe ( 7 -9 ) , in which an inverse association between coffee drinking and HCC was observed. However, prospective analyses and reports on other high-risk populations, such as Asian populations, are lacking.
Liver cancer is one of the major forms of cancer in Japan. HCC accounts for 90% of all cases of liver cancer diagnosed in Japan, and persistent HCV or HBV infections have been identifi ed as causative factors in 80 and 10% of all Japanese liver cancer patients, respectively ( 10 ) . HCV infection in Japan is thought to have originated at the end of the 19th century, and it became widely disseminated in the 1930s and 1940s ( 11 ) . HCC prevention among HCV carriers has recently been improved to some degree as a result of interferon therapy ( 12 ) . However, from a public health point of view, environmental risk modifi ers for the development of HCC that are effective in all patients, even those with hepatitis virus, must be explored.
Epidemiologic studies on Japanese immigrants in Brazil have shown a drastic decrease in the rates of mortality from liver cancer ( 13 ) and chronic liver disease ( 14 ) , without apparent change in the prevalence of HBV infection ( 13 ) . These reports suggest that changes in the environmental factors of the host country may act to prevent chronic liver disease and liver cancer; the introduction of coffee-drinking habits after immigration is one conceivable candidate. In the present study, we attempted to determine whether an association between coffee drinking and HCC exists in the Japanese population by carrying out a prospective analysis of data from a large-scale population-based cohort study in Japan.
S UBJECTS AND M ETHODS

Study Population
The Japan Public Health Center-based Prospective Study (JPHC Study) was launched in 1990 when Cohort I was established. Cohort II was added in 1993. Cohort I included fi ve prefectural public health center areas: Ninohe (Iwate Prefecture), Yokote (Akita Prefecture), Saku (Nagano Prefecture), Chubu (Okinawa Prefecture), and Katsushika (metropolitan Tokyo), and cohort II included six prefectural public health center areas: Mito (Ibaraki Prefecture), Kashiwazaki (Nigata Prefecture), Chuohigashi (Kochi Prefecture), Kamigoto (Nagasaki Prefecture), Miyako (Okinawa Prefecture), and Suita (Osaka Prefecture). The details of the study design have been described elsewhere ( 15 ) . The study protocol was approved by the institutional review board of the National Cancer Center, Tokyo, Japan. The Katsushika and Suita public health center areas were excluded from the analysis because different defi nitions of the study population were used in these areas. Only people 40 and 50 years of age at baseline were invited to participate in these two areas, which may have limited the generalizability.
The study population was defi ned as all registered Japanese inhabitants in the nine public health center areas, who were between the ages of 40 and 59 years (Cohort I) and between the ages of 40 and 69 years (Cohort II) at the beginning of each baseline survey. The Japanese inhabitants were identifi ed using population registries maintained by local municipalities. A total of 116 896 subjects were initially identifi ed. During the follow-up period, 210 subjects were found to be ineligible for the study and were excluded because of non-Japanese nationality (n = 51), late reports of emigration occurring before the start of the follow-up period (n = 156), and ineligibility because of an incorrect birth date (n = 3). As a result, a population-based cohort of 116 686 subjects (57 583 men and 59 103 women) was established.
A baseline self-administered questionnaire on various lifestyle factors was given to participants in 1990 (Cohort I) and in 1993 and 1994 (Cohort II). A total of 95 376 subjects responded to the questionnaire, for a response rate of 82%. The questionnaire contained items on demographic characteristics; medical history (including a specifi c question on cirrhosis and hepatitis); family history; smoking and alcohol-, tea-, and coffee-drinking habits; dietary habits; other lifestyle factors, such as physical activity, bathing, and sleeping habits; bowel habits; and personality. Information on coffee drinking was obtained in terms of frequency and amount of coffee intake and divided into the following categories: almost never, 1 -2 days per week, 3 -4 days per week, and almost daily (further divided into 1 -2 cups/day, 3 -4 cups per day, or ≥ 5 cups per day). The type of coffee consumed (decaffeinated or caffeinated) was not included in the questionnaire. However, decaffeinated coffee is rarely consumed in Japan.
Subjects were followed from the date of the baseline survey through December 31, 2001. Residence status and survival were confi rmed annually using the residential registers kept by each municipality in each of the study areas or, for those who had moved out of the study area, through the municipal offi ce of the area to which they had moved. Inspection of the resident register is open to the general public under the resident registration law. In Japan, residency and death registration is required by law, and the registries are believed to be complete. Information on the cause of death was obtained by examining the death certifi cate provided by the Ministry of Health, Labor, and Welfare after the Ministry of Internal Affairs and Communications granted permission. Among the study subjects, 4890 died, 5211 moved out of the study area, and 47 were lost to follow-up during the follow-up period.
The occurrence of cancer was identifi ed by active patient notifi cation by the local major hospitals in the study area and data linkage with the population-based cancer registries with permission from each of the local governments responsible for the cancer registries. Death certifi cate information was used as a supplementary information source. The site and histology of each cancer were coded using the International Classifi cation of Diseases for Oncology, Third Edition (ICD-O-3) ( 16 ) . In the cancer registry system used in this study, the proportion of patients with incident cancers who fi rst came to the attention of the cancer registry via a death certifi cate (death certifi cate notifi cations, or DCNs) was 8.5%, and the proportion of case patients for which information regarding cancer diagnosis was available only from death certifi cates (death certifi cate only, DCO) was 2.3% during the study period. These results were considered to be of adequate quality and completeness for the present study. Among the 361 incident liver cancers identifi ed (ICD-O-3: C22), a total of 334 cases of newly diagnosed HCC (ICD-O-3: C22.0, 817) were identifi ed as of December 31, 2001, after excluding 27 cases (7.5%) of liver cholangiocarcinoma (ICD-O-3: C22.1, 816). Information on hepatitis virus infection status of the case patients was obtained from the medical institutions where the case patients had been diagnosed if infection markers, such as antibodies to HCV (anti-HCV) or hepatitis B surface antigen (HbsAg), had been detected. In the present study, case patients who had been identifi ed with anti-HCV antibodies were considered to be HCV positive, and those identifi ed with HbsAg were considered to be HBV positive. Subjects with a present or past history of selfreported serious illness at baseline (cancer, cardiovascular disease, or myocardial infarction) were excluded from the analysis (n = 3799). After exclusion of 1125 subjects for whom the information on coffee intake was incomplete, 90 452 subjects, including 334 incident HCC case patients, were used in the analysis.
The person-years of follow-up were counted from the baseline survey until the date of HCC diagnosis, migration out of the study area, death, or the end of the study period (December 31, 2001), whichever came fi rst. Persons lost to follow-up were censored on the last confi rmed date of their presence in the study area.
Statistical Analysis
Outcome was defi ned as the new development of a primary HCC during the study period. Hazard ratios (HR) and their 95% confi dence intervals (95% CI) were calculated using Cox proportional-hazards models and were used to describe the relative risks of HCC that were associated with the coffee-drinking categories at baseline. Differences in characteristics between categories of coffee intake were evaluated by analysis of variance and chi-square test for homogeneity. Models were adjusted for potential confounding factors, including age at baseline (3-year age categories), study area (nine public health center areas), and in additional analysis, smoking status (never, former, current), ethanol intake (non-and ex-drinkers, less than weekly, weekly or more [<150 g per week or ≥ 150 g per week]), green vegetable intake (<3 times per week, 3 -4 times per week, everyday) and green tea intake (none, less than daily, daily) were also included. These variables are either known or suspected risk factors for cancer or had previously been found to be associated with the risk of liver cancer. Tests for linear trend in risk of HCC were assessed by assigning ordinal exposure variables as continuous terms. The HR were estimated both for men and women combined and for men and women separately. Stratifi ed analyses were conducted to evaluate whether the association between coffee drinking and the risk of HCC varied with age, smoking status, weekly ethanol intake, green vegetable intake, green tea drinking, and past or present history of chronic liver disease. Interaction terms were generated by multiplying ordinal exposure variables by ordinal coffee-drinking categories. Because no statistically signifi cant effect modifi cations were found between sex and coffee drinking ( P interaction = .81), men and women were combined in the stratifi ed analyses. Stata software (version 8.0) ( 17 ) was used to perform the statistical analyses. All statistical tests were two-sided.
R ESULTS
During 874 551 person-years of follow-up (average follow-up period: 9.7 years) of 90 452 subjects (43 109 men and 47 343 women), a total of 334 participants were newly diagnosed with HCC (250 men and 84 women). Information on the hepatitis virus infection status of the patients was available for 259 (77.5%) of the case patients. Among these 259 case patients, 164 (63.3%) were HCV positive and 60 (23.2%) were HBV positive ( Table 1 ) .
The baseline characteristics of the study subjects according to coffee consumption are shown in Table 2 . Coffee was consumed almost every day by 37.1% of the subjects in the study. No substantial difference in the distribution of coffee intake frequency was observed between men and women. The proportion of current smokers increased as coffee intake increased in both sexes. However, alcohol intake increased in women and decreased in men as coffee intake increased. Frequent green vegetable intake and daily green tea drinking decreased in both sexes with increased coffee drinking. The proportion of subjects with a selfreported present/past history of chronic hepatitis and/or cirrhosis among the study subjects overall was 0.3% -3% across the coffee intake categories.
The minimally adjusted and multivariable HR for the subsequent occurrence of HCC according to baseline coffee-drinking categories are presented in Table 3 . Coffee drinking was associated with a statistically signifi cantly lower risk for HCC. Subjects who drank coffee almost every day had a 51% lower HCC risk than those who almost never drank (HR = 0.49, 95% CI = 0.36 to 0.66), and the risk was inversely proportional to coffee intake (for 1 -2 cups per day compared with no coffee intake, HR = 0.52; for 3 -4 cups per day, HR = 0.48; for ≥ 5 cups per day, HR = 0.24; P trend <.001). The risk of liver cancer in almost never drinkers in this population over 10 years of follow-up was 547.2 cases per 100 000 people. In contrast, the risk with drinking coffee almost everyday dropped to 214.6 cases per 100 000 people over the same follow-up time, 227.3 with drinking 1-2 cups per day, 205.0 with 3-4 cups per day, and 120.7 with ≥ 5 cups per day, respectively. Similar results were also observed in separate analyses by sex. Furthermore, when patients were analyzed according to hepatitis virus infection status, an inverse association between coffee drinking and HCC risk was observed for those who were HCV positive; however, the trend was not statistically signifi cant for those who were HBV positive.
The inverse association between HCC risk and coffee intake persisted when participants were stratifi ed by age, smoking status, ethanol intake, green vegetable intake, and green tea drinking ( Table 4 ) . Thus, the inverse association between coffee drinking and HCC risk is independent of these lifestyle factors. An inverse but weaker association was also observed in analyses of participants stratifi ed by history of chronic hepatitis or cirrhosis.
We explored other possible confounders that could explain the observed association between coffee drinking and HCC, because coffee drinking is associated with many other factors. Socioeconomic status could not be assessed because of a lack of information in the questionnaire. Among the dietary factors that were examined, bread intake was positively associated with coffee drinking. However, no association was found between bread intake and HCC, and the results remained essentially unchanged when bread intake was included in the model (data not shown).
D ISCUSSION
In this prospective analysis of a large-scale population-based cohort study in Japan, a statistically signifi cant inverse association between coffee drinking and HCC was observed. The results from the present study are consistent with but more pronounced than those of previous studies ( 7 -9 ) . The risk of liver cancer in almost never drinkers in this population was 547.2 cases per 100 000 people over 10 years, but it was 214.6 cases per 100 000 people with drinking coffee on a daily basis.
The strength of the present study is its population-based prospective design with low proportion of losses to follow-up. Nonetheless, there are some obvious limitations, such as the assessment of coffee intake solely on the basis of the self-report at a single time point and lack of determination of hepatitis virus infection status at baseline for the entire population and at follow-up for 22% of the case patients.
Information on coffee intake was collected before subsequent diagnoses of cancer, thereby avoiding the exposure recall bias that is inherent to case -control studies. Study subjects were selected from the general population, and the response rate of 82% to the baseline questionnaire is acceptable for such a study setting. The proportion of losses to follow-up (0.05%) was negligible during the study period. However, because self-reported information on coffee intake was used in the present study, some misclassifi cation may have been unavoidable. Also, changes in coffee intake that arose from symptoms related to a subsequent diagnosis of HCC after the start of the study may have resulted in some misclassifi cation. Such misclassifi cation, if any, is probably nondifferential and would lead to an underestimation of the results. Although the quality of the cancer registry system was satisfactory over the study period, some variations in quality between the study areas occurred. The study areas used in the analysis were adjusted to control for geographic variation. The quality of the registry system was not affected by the coffee intake status; therefore, possible misclassifi cation of cancer occurrence by an underreporting of cancer diagnosis would be nondifferential and would also bias the results toward the null. The inverse association between coffee drinking and HCC has been investigated from various aspects. Coffee contains large amounts of antioxidants, including chlorogenic acid, and several animal studies have shown that such coffee compounds have a direct inhibitory effect or a lack of carcinogenic potential in the liver ( 6 , 18 ) . Caffeine is another major ingredient of coffee ( 5 ) . In this study, the type of coffee consumed was not classifi ed as either decaffeinated or caffeinated because this information was not included in the questionnaire. However, decaffeinated coffee is rarely consumed in Japan. Thus, based on the limited information in our population, we cannot determine whether the inverse association with coffee is mainly attributable to caffeine. Green tea is another major source of caffeine intake in the Japanese population. However, in additional analyses using the same data set, no association between green tea intake and the risk of HCC was observed (data not shown). Green tea contains large amounts of antioxidant catechins. The differences in the antioxidant components of coffee and tea may explain the different associations of these beverages with liver cancer. One study comparing the antioxidant activity of coffee and tea indicated that, on a per-cup basis, soluble coffee has higher antioxidant activity than green tea ( 19 ) . Other unidentifi ed substances in coffee may also be responsible for the observed association between coffee drinking and the risk of HCC. In any case, site specifi city of the effect of coffee is another important issue that must be solved.
Coffee-drinking habits were associated with habitual tobacco smoking and alcohol drinking in our study population. However, the association between coffee intake and subsequent risk of HCC persisted even after adjustment for smoking and alcohol intake. Also, separate analyses performed according to smoking and alcohol drinking status showed a similar reduced risk, without substantial effect modifi cation by coffee drinking.
Several studies have described an inverse association between coffee drinking and liver cirrhosis ( 20 -22 ) . Because liver cirrhosis is strongly associated with primary liver cancer ( 23 ) , it is possible * Data are based on 90 452 Japanese men and women aged 40 -69 years at baseline followed up for 10 years (JPHC Study). † P difference values of characteristics between categories of coffee intake (two-sided) were calculated by analysis of variance and chi-square test for homogeneity. SD = standard deviation. .010
* Data are based on 90 452 Japanese men and women aged 40 -69 years at baseline followed up for 10 years (JPHC Study). † HR adjusted for sex (men and women combined analysis only), age (3-year age categories) and study area (nine public health centers). ‡ Multivariable HR adjusted for sex (men and women combined analysis only), age (3-year age categories), study area (nine public health centers), tobacco-smoking status (never, former, current), ethanol intake (nonand ex-drinkers, less than weekly, weekly or more [<150 g/week, ≥ 150 g/week]), green vegetable intake (<3 times/week, 3 -4 times/week, everyday), and green tea drinking (none, less than everyday, everyday). * HR adjusted for sex (men and women combined analysis only), age (3-year age categories), study area (nine public health centers), tobacco-smoking status (never, former, current), ethanol intake (non-and ex-drinkers, less than weekly, weekly or more [<150 g/week, ≥ 150 g/week]), green vegetable intake (<3 times/week, 3-4 times/week, everyday), and green tea drinking (no, less than everyday, everyday), other than the variable for stratifi cation.
that the observed association between coffee drinking and HCC actually represents an association with liver cirrhosis. In addition, an inverse association between coffee and alcoholic but not nonalcoholic cirrhosis has been reported ( 18 ) , and other cross-sectional observations have suggested an inhibitory effect of coffee on the alcohol-related increase in serum liver enzymes, such as aminotransferase and gamma-glutamyltransferase ( 24 -26 ) . However, because a previous study found that caffeine metabolism was impaired in fasting subjects with liver cirrhosis, subjects with chronic liver disease may have reduced their coffee consumption to avoid the side effects of caffeine ( 27 ) , and that may have led to a superfi cial decrease in HCC risk by coffee drinking. One limitation of the present study is that we determined whether the subjects with chronic liver disease who did not drink coffee at baseline had quit drinking coffee after their chronic liver disease emerged. However, because a recent case -control study reported a strong association between coffee drinking and HCC among patients with HCV-associated chronic liver disease ( 28 ) , it is still possible to speculate that coffee drinking reduces the risk of HCC even after acquisition of a chronic liver disease. In any case, potential targets of coffee, HCC, liver cirrhosis, or both conditions, and whether a restriction to alcohol-related conditions exists, remain to be determined in future studies.
In addition, the lower risk associated with coffee intake among HCC case patients with HCV infections was somewhat stronger than that for HCC case patients with HBV infections, although these observations are not suffi cient to confi rm viral specifi city for the association with coffee on the carcinogenesis of HCC. During hepatocarcinogenesis, direct integration of the viral sequence into the host genome is thought to substantially increase genomic instability in HBV-associated HCC, whereas the reaction of the host immune system against virus-infected cells is more important to the development of HCV-associated HCC ( 29 ) . Furthermore, it is also possible that the difference in the association according to virus infection status is attributed to differences between HBV-induced hepatocarcinogenesis and HCVinduced hepatocarcinogenesis. In this study, the virus infection status at baseline was not determined for the entire population, thus preventing clarifi cation of a relationship between coffee drinking and HCC risk among subjects who are positive for each virus infection. Moreover, information on the virus infection status was not available for 22% of the case patients; most of the missing information resulted from the deletion of stored medical records after expiration of their holding period. Although a previous study analyzed the effect of coffee on the risk of HCC according to the hepatitis status of the subjects and reported a lower risk in those who drank coffee frequently than in those who drank it infrequently among both hepatitis-positive and -negative subjects ( 9 ) , risk differences according to the type of hepatitis virus infection have not been determined.
The present cohort analysis confi rmed a statistically significant inverse association between habitual coffee drinking and HCC (that was not due to any confounders we analyzed). Further studies are warranted to assess whether the present results can be generalized to or are representative of other populations.
